E. coli was submitted to a 5G electromagnetic field generated by a alternate 60 Hz voltage source. The differences on growth and glucose consume in control and exposed groups were evaluated using the non-parametric Mann-Whitney U-test. There was a significant difference in glucose consume and growth in E. coli after 8 hours of exposition to electromagnetic field. It can be concluded that electromagnetic field had a positive effect in consume of glucose and growth of E. coli. The cause of these results can be explained by an increasing of glucose entrance through membrane due to the stimulated transport system via Facility Diffusion or cyclotron resonance. The growth can be caused by shortening of lag phase and excitement of log phase.
INTRODUCTION
Life on Earth evolved in the presence of an incessant flux of a natural electromagnetic radiation such as solar radiation and the one deriving from electrical discharges. In the last sixty years an exponential increase of systems occurred, producing unnatural Electromagnetic Fields ( EMF).
In contrast to the fields used in clinical practice, these fields normally encountered by the population, are much lower in magnitude and frequency and they come from power distribution systems. The intensity of these fields is around 0.1G but can reach 1G (in comparing, Earth's magnetic field is around 0.5G) 4 .
It is known that the exposure to high intensity EMF in human being can produce several adverse effects such thermal injuries, seizures, nervous and muscle cell excitement; more recently, many studies showed that the association between EMF and childhood cancers such as leukemia, lymphoma and brain tumors 7 and immune system effects with altered number of natural killer cells 11 , cardiac effects 8 and efflux of calcium ions from brain tissue 2 
.
In terms of the EMF action in microorganisms as bacteria, some papers have related some alterations in the growth and in the development of bacteria when submitted to several GHz frequency intensity fields 3 and also a more intense E. coli growth when submitted to a 21.5 mG static EMF. In this situation, the maximal growth of E. coli occurred at 100 Hz when compared to 10 KHz and 1 MHz . Both papers describe EMF constant intensity during experiments. This paper has the objective to show the effects of EMF generated by alternate tension in growth and consume of glucose by E. coli.
MATERIALS AND METHODS
E. coli strain ATCC 25922 was seeded ascetically, by inoculation, in 13 tubes and their corresponding pairs in an appropriate environment with glucose (Broth-Glucose, Merck  ). The tubes had the same quantity of E. coli colonies and they were named Control (C) and Exposed (E). In the next step, the tubes named Exposed were put into coil, which was connected to alternate 60 Hz voltage source, under 5G EMF intensity.
The optical transmittance measurement was made initially and after 8 h of exposure to evaluate the growth of E. coli. The measures were made in Photometer National  at 520 µm. At the end of the experience the final optical transmittances of the Exposed tube were divided by final optical transmittances of Control tube; so, the final optical transmittances of Control tube was assumed to be 1.
After 8 h of exposure, the tubes labeled C and E were frozen and were carried for glucose measurement using enzymatic-colorimetric automation techniques (Selectra Merck™). The values of residual glucose quantity of the Exposed tubes were divided by the values of residual glucose quantity of Control tubes; so, the values of glucose in Control tubes were assumed to be 1.
The procedure took place at a constant temperature of 28 ºC and the inner coil's temperature was continuously monitored. It was observed that both temperatures had the same values.
The mean values were compared using the non-parametric MannWhitney U-test 9 , due to a sample size. The statistical significance was alpha = 5%.
RESULTS
The glucose ratios in the Exposed and Control tubes are shown on Table 1 , with smaller residual glucose in the Exposed tube (0.90 ± 0.06); it means that E. coli under EMF has an increase in glucose consume. Statistical analysis shown U = 21.46 (p < 0.001).
The final optical transmittances of tubes are 0.91 ± 0.03 for the Exposed and 1 for Control (p < 0.001); the difference between the final records means that the smaller optical transmittance in the Exposed tubes is caused by the higher growth of E. coli colonies ( Table 2) . Statistical analysis shown U = 21.45 (p < 0.001).
DISCUSSION
The higher turbidity of tubes with E. coli under EMF, after 8 h of exposure, could be due to increasing in generation of E. coli, since the initial optical transmittance had the same value in Exposed and Control tubes.
The cell initially experience a period of adjustment to the new environment and there is a lag in the time required for all cells to divide; this is referred as lag phase. Under favorable environment conditions there will be a exponential growth referred as log phase 5 .
The action of EMF in exposed tubes with E. coli can be caused by the shortening of the lag phase and with more precocious start of log phase. Otherwise, at the end of the experiment we noticed that the log phase can be sustained for more time with a number more elevated of E. coli colonies and with higher turbidity of tubes under EMF action.
In respect to glucose, the smaller contents of glucose in Exposed tubes can be due to the increasing of the transport of glucose into the bacteria.
Several mechanisms are involved in transport of growth solutes to inner cell. Narrow channels in outer membrane of E. coli facilitates passive diffusion of hydrophilic compounds as sugar, amino acids and certain ions to periplasm.
The Facility Diffusion, that occurs on behalf of the gradient, can have a carrier and this process could be excited by EMF and increasing the glucose transport. The EMF could stimulate the periplasm-binding protein-dependent transport system; these proteins work by transferring the bound substrate and it is energized by ATP or other high-energy phosphate compounds, such as acetyl phosphate 5 .
The chemiosmotic driven transport, in special the Symport type, can be stimulated resulting in an increasing in the glucose transport to the inner of E. coli 5 .
Other possibility could be special physical effects named mechanical, electrical or cyclotron resonances. The mechanical and electrical resonances have smaller effects in overture of pores to entrance of glucose. Thus, cyclotron resonance could be responsible for glucose's entrance, as happened with calcium ion 1, 10 . This special resonance is represented by the equation 2πν = ω = qB/m where ω is the cyclotron resonance frequency, q is the electron charge, B is a magnetic field and m is the mass of the ion. Unlike the mechanical resonance, energy in the cyclotron resonance is wholly stored in the kinetic energy of the circulating ion 1 .
In opposite to static magnetic field, dynamical magnetic field can generate electric fields which are more pervasive that the electric fields induced by external electric fields. It is possible that any biological events of interest may take place in the elements of the cells, not in the glucose 1 . The increased growth of E. coli under EMF could be important when it occurs in certain situations where there is the presence of E. coli in living being. These situations include patient with infection by E. coli, in the course of an hospital internment as in intensive care unit, when there is an exposition to several sources with electric activity, generating EMF. There are not citations on medical literature about this situation and, of course, this hypothesis can not be proved due to ethical aspects.
The EMF applied in E. coli in this study, was ten times the Earth EMF and effects of EMF smaller intensities must be studied to compare with these records.
RESUMO
Consumo de glicose e crescimento de E. coli submetida a campo eletromagnético E. coli, em caldo glicosado, foi submetida a campo eletromagnético de intensidade 5G, gerado por fonte de tensão alternada de 60 Hz . Os crescimento e consumo de glicose foram avaliados através do teste não-paramétrico de Mann-Whitney para comparação de dois grupos. Após 8 h de exposição encontraram-se menor valor da glicose residual e maior turbidez nos tubos expostos ao campo evidenciando efeito positivo deste. A causa deste efeito no consumo da glicose pode ser pela estimulação de sistema de transporte de glicose, como a Difusão Facilitada ou por um tipo de fenômeno chamado ressonância ciclotrônica. O aumento do crescimento pode ser pelo encurtamento da lag phase e estimulação da log phase.
